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[Kind of document] SPECIFICATION 
[Title of the Invention] 

Magnetic sensing element and direction sensing system using 
said element 

[Claims Cor the Invention) 

[Claim 1] A flat plate-shaped magnetic sensing element which 
uses a tunnel magnetic resistance effect element having a magnetic 
layer or a giant magnetic resistance effect element, and in which 
a magnetic sensing portion allows a current to flow in a direction 
perpendicular to its film surface, 

comprising a soft magnetic film for assisting magnetic field 
sensing provided on one surface of said element, and having an 
anti-magnetic force lower than the ant i -magnetic force of said 
magnetic layer, and having an anisotropic axis set independently 
from the anisotropic axis of said magnetic layer, 

[Claim 2] A magnetic sensing element according to claim 
1, wherein said soft magnetic film for assisting magnetic field 
sensing is separated into plural magnetic films which are 
independently formed into an array in said magnetic sensing portion, 
and said magnetic layer is formed as one common electrode intersecting 
with 9aicl plural magnetic films, 

[Claim 3] A magnetic sensing element according to claim 
1 or 2, wherein a high magnetic permeability layer is disposed in 
the vicinity of said magnetic sensing portion, and is connected 
to said soft magnetic film for assisting magnetic field sensing. 
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[Claim 4] A magnetic sensing element according to claim 
1, 2, or 3, wherein a bulk type magnetic body is provided in the 
vicinity of said magnetic sensing portion. 

[Claim 5] A magnetic sensing element according to claim 
3, wherein a bulk type magnetic body is provided on said high magnetic 
permeability layer, 

[Claim 6] A . magnetic sensing element according to any one 
of claims 1 to 5, wherein said soft magnetic film for assisting 
magnetic field sensing is formed as a laminated structure of plural 
soft magnetic layers on a non-magnetic layer, 

[Claim 7] A magnetic sensing element according to any one 
of claims. 1 to 6, wherein a flat plane of said soft magnetic film 
for assisting magnetic field sensing is formed into a disc shape/ 
[Claim 8 J A magnetic sensing element according to any one 
of claims 1 to 6, wherein said soft magnetic film for assisting 
magnetic field sensing is divided into plural portions. 

[Claim 9] A magnetic sensing element according to any one 
of claims to 1 6, wherein said soft magnetic film for assisting 
magnetic field sensing is formed with plural notches. 

[Claim 10 J A magnetic sensing element according to any one 
of claims 1 to 9, comprising magnetic field generating means for 
resetting that returns the magnetized state of said magnetic sensing 
portion to a predetermined state. 

[Claim 11] A magnetic sensing element according to claim 
10, wherein said magnetic field generating means for resetting 
includes a wire portion for reset current integrally formed in the 
vicinity of said magnetic sensing portion. 
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[Claim 12] A magnetic sensing element according to claim 
10, wherein said magnetic field generating means for resetting 
includes an external coil for allowing said magnetic sensing portion 
to generate a reset magnetic field. 

[Claim 13] A direction sensing system comprising: 

plural magnetic sensing elements according to any one of 
claims 1 to 12 located independently in directions of 3 axes vectors 
or more and intended for use in sending earths magnetism, 

sensing means for sensing vectors of three axes or more 
based on the sensing outputs from said magnetic sensing elements, 

abnormality sensing means for determining whether or not 
there is abnormality in the result of sensing based on an absolute 
value of sensing output from said magnetic sensing elements and 
a threshold value set beforehand, and 

announcing means for announcing that abnormality has been 
sensed by the abnormality sensing means . 

[Claim 14] A direction sensing system comprising: 

plural magnetic sensing elements according to any one of 
claims 10 , 11 , and 12 located independently in directions of 3 axes 
vectors or more and intended for use in sending earth's magnetism, 

sensing means for sensing vectors of three axes or more 
based on "he sensing outputs from said magnetic sensing elements, 

abnormality sensing means for determining whether or not 
there is abnormality in the result of sensing based on an absolute 
value of sensing output from said magnetic sensing elements and 
a threshold value set beforehand, 
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announcing means for announcing that abnormality has been 
sensed by the abnormality sensing means, and 

resetting means for allowing a reset current to flow into 
said magnetic field generating means for resetting in order that 
said magnetized state of said magnetic sensing portions to a 
predetermined state when abnormality has been sensed by said 
abnormality sensing means. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to a magnetic sensing element 
such as eiarth's magnetic sensor for use in magnetic measurement 
and navigation, and a direction sensing system using said element. 
[0002] 
[Prior Art] 

Conventionally, as magnetic sensors of this type, a 
magneto-resistance effect element (MR element) , magnetic impedance 
element (MI element), flux gate sensor, semiconductor hole effect 
sensor, etc. are known. Among them, according to an MI sensor which 
has recently been developed, the use of a magneto-resistance element 
referred to as an MI element enables reduction in film thickness 
and downsizing of the sensor , and thus, improvements in the MI element 
have intensively been made in recent years. Further, in the case 
of MI element, the magnetic field intensity can be sensed from the 
change in the magnetic field of the high frequency impedance resulted 
from the high frequency current applied to the MR element. 
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[0003] 

As magnetic sensing means or method that specifically 
utilizes the element such as described above , there axe proposals 
as below, for example. 
[0004] 

For example, Japanese Laid-open Patent Publication No. 
6-176930proposes a highly sensitive sensor with improved sensitivity 
resulted from annealing in a state where a direct current or a current 
which changes with the elapse of time is applied to the magnetic 
line of a magnetic inductance element. Further, Japanese Laid-open 
Patent Publication No. 6-253573 proposes a current detecting circuit 
which can be controlled with high accuracy by detecting a motor 
driving current by use of a magnetic inductance sensor. Japanese 
Laid-Open Patent Publication No. 7-1812399 proposes a magnetic 
impedance, element capable of sensing the applied current passed 
therethrough without a need of a bridge circuit by changing the 
current into high frequency. Japanese Laid-Open Patent Publication 
No. 9-318719 proposes a magnetic sensor circuit in which a magnetic 
impedance element is connected within an oscillating circuit to 
enhance sensitivity, Japanese Laid-Open Patent Publication No. 
10-307145 proposes a tire rotational speed sensing device for sensing 
a differential in a residual magnetism of the tire steel belt from 
the outside by a lead plate constituted by a pair of magnetic sensor 
and a magnetic body. Further, Japanese Laid-Open Patent Publication 
No. 11^109006 proposes a magnetic impedance sensor in which a 
high-frequency current is allowed to flow through a sensor portion, 
and a negative feedback coil is provided to an element of which 
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change in impedance at this time is proportional to a magnetic field 
intensity, thereby enhancing the linearity of the output with respect 
to the magnetic field. 
t0005] 

[Problems which the Invention Solves] 

However, it cannot be said that the conventional magnetic 
sensors such as described above have achieved sufficient levels 
of downsizing, weight reduction, and sensing ability, and there 
is much room for improvement. 
[0006] 

An objective of the present invention is to provide a magnetic 
sensing element small in size and light in weight with high 
sensitivity. 
[0007] 

In addition, another objective of the present invention 
is to provide a direction sensing system capable of enhancing the 
accuracy in sensing earth's magnetism by utilizing the 
above-mentioned magnetic sensing element and effective for use in 
a navigation system etc, 
[0008] 

[Means by which the Problem is Solved] 

The invention recited in claim 1 is directed for a flat 
plate-shaped magnetic sensing element which uses a tunnel magnetic 
resistance effect element having a magnetic layer or a giant magnetic 
resistance effect element, and in which a magnetic sensing portion 
allows a current to flow in a direction perpendicular to its film 
surface, including a soft magnetic film for assisting magnetic field 
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sensing provided on one surface of said element, and having an 
anti-magnetic force lower than the anti-magnetic force of said 
magnetic layer, and having an anisotropic axis set independently 
from the anisotropic axis of said magnetic layer. 
[0009] 

Therefore, by using a tunnel magnetic resistance effect 
element (TMR element) which is originally manufactured using a thin 
film technique etc. or a giant magnetic resistance effect element 
(GMR element) , downsizing and weight reduction of the magnetic 
sensing element can be achieved. In addition, since said element 
includes on its one surface a soft magnetic film for assistingmagnet ic 
field sensing having the anti-magnetic force lower than the 
anti-magnetic force of the magnetic layer and having the anisotropic 
axis set independently from the anisotropic axis of the magnetic 
layer, the magnetic force can be sensed in the separated functions 
by utilizing a difference in anti-magnetic forces, the magnetic 
field sensitivity as the sensor can be enhanced. The soft magnetic 
film for assisting magnetic field sensing may be formed either the 
upper surface or bottom surface as far as it is formed on one of 
the surfaces of said element, 

[0010] 

The invention recited in claim 2 is directed for a magnetic 
sensing element according to claim 1, wherein said soft magnetic 
film for assisting magnetic field sensing is separated into plural 
magnetic films which are independently formed into the shape of 
array in said magnetic sensing portion, and said magnetic layer 
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is formed as one common electrode intersecting with said plural 
magnetic films. 
[0011] 

Therefore, in realizing the invention recited in claim 1, 
the element can be easily constructed into an arrayed structure, 
and its use application can be widened. 
[0012] 

The. invention recited in claim 3 is directed for a magnetic 
sensing element according to claim 1 or 2, wherein a high magnetic 
permeability layer is disposed in the vicinity of said magnetic 
sensing portion, and is connected to said soft magnetic film for 
assisting magnetic field sensing, 
[0013] 

Therefore, since a high magnetic permeability layer 
connected to said soft magnetic film for assisting magnetic field 
sensing is disposed in the vicinity of said magnetic sensing portion, 
the high magnetic permeability layer serves as a magnetic flux sink, 
and as a result, higher sensitivity can be achieved. 
[0014] 

The invention recited in claim 4 is directed for a magnetic 
sensing element according to claim 1, 2, or 3, wherein a bulk type 
magnetic body is provided in the vicinity of said magnetic sensing 
portion. 
[0015] 

Therefore, since there is provided, in the vicinity of the 
magnetic sensing portion, the bulk type magnetic body capable of 
achieving magnetic permeability and magnetic resistance rate 
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extremely lower than those achieved by * thin magnetic film, and 
capable of handling a large amount of magnetic flux and thus hard 
to saturate, further higher sensitivity can be achieved. 
[0016] 

The invention recited in claim 5 is directed for a magnetic 
sensing element according to claim 3, wherein a bulk type magnetic 
body is provided on said high magnetic permeability layer. 
[0017] 

therefore, since the bulk type magnetic body is provided 
on the highmagneticpermeability layer in the vicinity of themagnetic 
sensing portion, much higher sensitivity can be achieved. 
[0018] 

The invention recited in claim 6 is directed for a magnetic 
sensing element according to any one of claims 1 to 5, wherein said 
soft magnetic film for assisting magnetic field sensing is formed 
as a laminated structure of plural soft magnetic layers on a 
non-magnetic layer. 
[0019] 

Therefore, in realizing the invention of any one of claims 
1 to 5, by forming a soft magnetic film for assisting magnetic field 
sensing as a laminated structure of plural soft magnetic layers 
on a non-magnetic layer, a formation of closure domain can be 
prevented, and noise reduction and high frequency (that is, high 
speed sampling) can be achieved, thereby further enhancing the 
performance of element. 
[0020] 
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The invention recited in claim 7 is directed for a magnetic 
sensing element according to any one of claims 1 to 6, wherein a 
flat plane of said soft magnetic film for assisting magnetic field 
sensing is formed into a disc shape. 
[0021] 

Therefore, in realizing the invention recited in any one 
of claims 1 to 6, since the flat plane of the soft magnetic film 
for assisting magnetic field sensing is formed into a disc shape 
{complete round shape, elliptically round shape, etc.), 
ma gne tost a tic energy can be further reduced. Thus, the generation 
of magnetic charge is reduced and the stabilization of the magnetic 
domain can be expected, thereby reducing noises or enhancing 
sensitivity. As a result, the performance of the element can be 
further enhanced. 
[0022] 

The invention recited in claim 8 is directed for a magnetic 
sensing element according to any one of claims 1 to 6, wherein said 
soft magnetic film for assisting magnetic field sensing is divided 
into plural portions. 
[0023] 

Therefore, in realizing the invention recited in any one 
of claims 1 to 6, by forming the soft magnetic film for assisting 
magnetic field sensing into plural divided portions, if the 
individual portions are made into small sizes, the generation of 
closure domain can be suppressed and noise reduction can be achieved. 
In addition, further enhanced sensitivity can be achieved by 
adjusting the anisotropics into the same alignment. 
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[0024] 

The invention recited in claim 9 is directed for a magnetic 
sensing element according to any one of claims 1 to 6, wherein said 
soft magnetic film for assisting magnetic field sensing is formed 
with plural notches. 
[0025] 

Therefore, in realizing the invention recited in any one 
of claims 1 to 6, by forming the soft magnetic film for assisting 
magnetic field sensing into divided shape by plural notches/ if 
the individual portions are made into small sizes, the generation 
of closure domain can be suppressed, and noise reduction can be 
achieved . In addition, further enhanced sensitivity can be achieved 
by arranging the anisotropics into the same alignment. 
[0026] 

The invention recited in claim 10 is directed for a magnetic 
sensing element according to any one of claims 1 to 9, comprising 
magnetic field generating means for resetting that returns the 
magnetized state of said magnetic sensing portion into a 
predetermined state. 
[0027] 

Therefore, for example, even in the case where the magnetic 
sensing portion is magnetized due to a temporary influence of 
ferromagnetic field and the operation point changes to cause an 
erroneous sensing, the magnetized state of the magnetic sensing 
portion can be returned to a predetermined state by use of the magnetic 
field generating means for resetting. Thereafter, a normal sensing 
operation of the magnetic sensing element is enabled. 
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[0028] 

The invention recited in claim 11 is directed for a magnetic 
sensing element according to claim 10, wherein said magnetic field 
generating means for resetting includes a wire portion for reset 
current integrally formed in the vicinity of said magnetic sensing 
portion. 
[0029] 

Therefore, by utilizing a wiring portion for reset current 
integrally formed in the vicinity of the magnetic sensing portion, 
the invention recited in claim 10 can easily be realized. 
[0030] 

The invention recited in claim 12 is directed for a magnetic 
sensing element according to claim 10, wherein said magnetic field 
generatingmeans for resetting includes an external coil for allowing 
said magnetic sensing portion to generate a reset magnetic field. 
[0031] 

Therefore, by utilizing an external coil for allowing the 
magnetic sensing portion to generate reset magnetic field, the 
invention recited in claim 10 can easily be realized. 
[0032] 

* 

The invention recited in claim 13 is directed for a direction 
sensing system including r plural magnetic sensing elements according 
to any on* of claims 1 to 12 located independently in directions 
of 3 axes vectors or more and intended for use in sending earth's 
magnetism, sensing means for sensing vectors of three axes or more 
based on the sensing outputs from said magnetic sensing elements, 
abnormality sensing means for determining whether or not there is 
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abnormality in the result of sensing based on an absolute value 
of sensing output f rom saidmagnetic sensing elements and a threshold 
value set beforehand, and announcing means for announcing that 
abnormality has been sensed by the abnormality sensing means. 
[0033] 

Therefore, when the invention is applied to a direction 
sensing system intended for sensing earth's magnetism, basically, 
three axes vectors or more of which are sensed based on the sensing 
outputs of the magnetic sensing elements independently arranged 
in the directions of vectors of three or more axes and having high 
sensitivity according to any one of claims 1 to 12 are utilized. 
At this time, the absolute value of the sensing output of the magnetic 
sensing element is compared with a threshold value obtained by adding 
a measurement margin to the measured earth's magnetic intensity 
so as to determine whether or not the sensing result has abnormality. 
If abnormality is sensed, the occurrence of the abnormality is 
announced, so that the use of erroneous sensing result can be prevented 
before it is actually used. 
[0034] 

The invention recited in claim 14 is directed for a direction 
sensing system including: plural magnetic sensing elements according 
to any one of claims 10 , 11, and 12 located independently in directions 
of 3 axes vectors or more and intended for use in sending earth ' s 
magnetism, sensing means for sensing vectors of three axes or more 
based on the sensing outputs from these magnetic sensing elements, 
abnormality sensing means for determining whether or not there is 
abnormality in the result Of sensing based on an absolute value 
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of sensing output from said magnetic sensing elements and a threshold 
value set beforehand, announcing means for announcing that 
abnormality has been sensed by the abnormality sensing means , and 
resetting means for allowing a reset current to flow through said 
magnetic field generating means for resetting in order that said 
magnetized state of saidmagnetic sensing portions to a predetermined 
state when abnormality has been sensed by said abnormality sensing 
means . 
[0035] 

therefore, the invention recited in claim 14 is basically 
the same as the invention recited in claim 13, except that especially 
if abnormality in the sensing result is sensed, a reset current 
is allowed to flow through* magnetic field generating means for 
resetting to return the magnetized state of the magnetic sensing 
portion to a predetermined state so as to reset the magnetic sensing 
portion. In this manner, an erroneous sensing operation can be 
avoided thereafter, 
[0036] 

[Embodiments] 

A first embodiment of the present invention will be described 
based on Figs . 1 to 5 . Amagnetic sensing element 1 of this embodiment 
uses a TMR element (tunnel magnetic resistance effect element) 2 
in a magnetic sensing portion. Basically, as shown in Fig. 5, the 
magnetic isensing element 1 is formed of a TMR element 2 at a magnetic 
sensing portion 8. That is, the TMR element 2 includes a junction 
structure with a predetermined pattern including a first layer 4 
laminated on an insulating substrate 3, a second layer 5 made of 
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an insulating film, a third layer 6, and a fourth layer 7, and is 
structured so that a tunnel current flows from the fist layer 4 
to the third layer 6 via the second layer 5. Here, the fourth layer 
7 serves as a soft -magnetic film for assistingmagnetic field sensing, 
and the third layer 6 serves as a magnetic layer, and the first 
layer 4 serves as both a magnetic layer and an electrode. 
[0037] 

The TMR element to be utilized in this embodiment utilizes 
a phenomenon which has been recently found out, that is, a phenomenon 
so-called a ferromagnetic tunnel effect which is formed by a junction 
structure of a ferromagnetic body, an insulating film, and another 
.ferromagnetic body and exhibits tunnel effect depending on the 
relative anglebetween the magnetisms of these ferromagnetic bodies , 
Fox example, as are also described in Japanese Laid-open Patent 
Publications Nos. 10-91925 and 10-255231, L. Maeksawa and V, Gafvert 
et al. have theoretically and experimentally demonstrated in IEEE 
Trans. Magn., MAG-18, 707 (1982) that a tunnel effect appears 
depending on the relative angle of the magnetism of both magnetic 
layers in the binding of the magnetic body/insulating body/another 
magnetic body. 
[0038] 

A detailed structure related to the magnetic sensing element 
1 including such a TMR element 2 will be described including a method 
for manufacturing the same. First of all, as is shown in Fig, 1, 
on an insulating substrate made of quartz r glass, etc. or a substrate 
3 such as Si substrate formed with an insulating layer, a Fe20-Ni80 
film of general non-magnetostriction composition is spattered into 
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a thickness of 0 . lpm as a first layer 4. The Fe20-Ni80 film itself 
is a magneto-resistance effect element film. However, the first 
layer 4 may be a film other than Fe20-Ni80 film as far as it is 
a magnetic member having high spin partial magnetic rate . Amagnetic 
property such as anti-magnetic force may be selected in accordance 
with target magnetic field intensity. The Fe20-Ni80 film can 
alternatively be manufactured by plating. Although the thickness 
of the first layer 4 is set to 0.1pm, the film thickness may be 
properly set in accordance with sensitivity and other required 
conditions . 
[0039] 

Next, as shown in Fig. 2, the first layer 4 is patterned 
by a general photolithography technique employed in a semiconductor 
manufacturing process and an RIE method using CF 4 +H 2 (reactive 
ion~etching method) „ Here, the first layer 4 is patterned into a 
linear shape for allowing the first layer 4 to serve as one of the 
electrodes of the TMR element 2 and having a size of 10pm in width 
x 1mm in length for allowing it to serve as a magnet-resistance 
effect element. It is a matter of course that the dimension and 
shape may be properly changed in accordance with the application. 
Further tlie etching may be wet-etching. In such a case, aqua regia 
may be used as etchant. 
[0040] 

Subsequently, as is shown in Fig. 3, an AI2O3 film is formed 
as an insulating tunnel layer of the second layer 5 onto the first 
film 4 by sputtering. Alternatively, the film may be formed by the 
EB method {electron beam method) or the CVD method (chemical vapor 
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deposition) . Then, as is the case of the first layer 4, the second 
layer 5 pattered by a general photolithography technique and 
an RIE method using CF 4 +H 2 . As an insulating material for the second 
layer 5, an A1*0 3 film is excellent in terms of its property, although 
other insulating material such as Si0 2 etc. is acceptable. In an 
alternative method, a film of Al is formed and then is oxidized 
by plasma in the air or in vacuum* The second layer 5 which is an 
insulating tunnel layer may be wet-etched; however, in this case, 
if the substrate 3 will also be etched, it is required to protect 
the back surface of the substrate by a resist. 
[0041] 

The substrate 3 may alternatively be an insulating substrate 
other than that of quartz, or a flexible insulating substrate 
utilizing a PET (polyethylene terephthalate) or a polyimide. If 
the design rule allows, it is possible to form a film using a metallic 
mask from the beginning without performing photolithography. 
[0042] 

Subsequently, as is shown in Fig. 4, on the second layer 
5 which is an insulating tunnel layer, a Fe-Co50 film is formed 
as a third layer 6 by sputtering, and is patterned by photolithography 
as is the case of the first layer 4 into a pattern orthogonal to 
the pattern of first layer 4 . As is the case of the first layer 
4, this third layer 6 may be formed of other material as far as 
it is a material having high spin polarizing rate. Further 
alternatively, the third layer 6 may be formed with other 
anti-ferromagnetic film to constitute an exchange interaction 
layered structure, that is, a spin-valve structure. 
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[0043] 

Further, in this embodiment, as shown in Fig. 5, the fourth 
layer 7 as a soft magnetic film for assisting magnetic force sensing 
is formed on the third layer 6. The fourth layer 7 has anti-magnetic 
force smaller than the anti-magnetic force of the first layer 4, 
and its anisotropic axis is structured so as to be independent from 
the anisotropic axis of the first layer 4 . More specifically, the 
fourth layer 7 is made of Ni-Fe film created under different film 
formation conditions, or CuMo permalloy film, which is another 
magnetic material, or CoZrNb amorphous film. At this time, the 
anisotropic axis is made to be independent by changing the magnetizing 
method at the time of film formation, or employing different annealing 
conditions between the film formations of the first layer 4 to the 
third layer 6 and the film formation of the fourth layer 7 . In this 
embodiment, the fourth layer 7 is made of CoZrNb amorphous film, 
for example, 
[0044] 

Thus-structured magnetic sensing element 1 employs a sensing 
method that detects by a minute current meter (not shown) the change 
in the current at the time when the current is applied to the magnetic 
sensing portion 8 in a direction perpendicular to the film surface 
using the first layer 4 and the fourth layer 7 as electrodes, m 
this sensing operation, an external magnetic field which is a target 
to be sensed is applied to said magnetic sensing portion 8 , In this 
case, since there is provided the forth layer 7 (soft magnetic film 
for assisting magnetic field sensing) provided on one surface of 
said magnetic sensing element 1/ formed under different film forming 
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conditions; having anti-magnetic force set to be lower than the 
an ti -magnetic force of the first layer 4; having anisotxopy 
independent from the anisotropic axis of the first layer 4, and 
in this case, shifted by 90°, it is possible to utilize a difference 
in original an ti -magnetic forces and a difference in magnetizations 
of the easy axis direction and the difficult axis direction of the 
magnetic film. Thus, the magnetic field sensitivity is enhanced. 
Further, it is known that the third layer 6 exhibits large MR changes . 
This enables the optimum separation of the sensor functions , thereby 
enhancing the magnetic fieldsensitivity. That is, high sensitivity 
is achieved. Further, according to the magnetic sensing element 
1 of this embodiment, since the element 1 is basically structured 
by utilizing the TMR element 2 in the magnetic sensing portion 8, 
the downsizing and weight reduction of the sensor can be achieved . 
In addition, since detection with high sensitivity is enabled, the 
element 1 is extremely effective in applying a direction sensing 
system etc. which will be described later. 
[0045] 

In this embodiment, the TMR element 2 is provided in the 
magnetic sensing portion 8. However, the present invention is not 
limited to the magnetic sensing element 1 provided with the TMR 
element 2, but the magnetic sensing element 1 can be similarly 
structured by using a GMR element (giant magnetic resistance 
effective element) in a sensing method that allows a current to 
flow in a direction perpendicular to the film surface of the magnetic 
sensing portion. 
[0046] 
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A second embodiment of the present invention will be 
described based on Figs. 6 and 7. The same constituent elements 
as those described in the first embodiment will be denoted by the 
same reference numerals , and the descriptions thereof will be omitted 

(and the same thing is applied to each of the embodiments hereinafter) . 

[0047] 

In a magnetic sensing element 11 of this embodiment , the 
fourth layer 7 which serves as a soft magnetic film for assisting 
magnetic field sensing is divided into plural pieces (for example, 
in six pieces) as is shown by the reference numerals 7a to 7 f which 
are arranged in parallel to each other. As a result, in the magnetic 
sensing portion 8, the fourth layer 7 is in an array-like structure 
in which its divided strips 7a to 7f intersect with the first layer 
4 located beneath them and uses it as one common electrode. The 
third layor 6 is also structured into the formof an array corresponding 
to the fourth layer 7. As a result, the divided strips 7a to 7f 
of the fourth layer 7 (each third layer) individually constitute 
a TMR element with the first layer 4. 
[0048] 

The strips 7a to 7f of the fourth layer 7 (and the third 
layer also) are manufactured in the f ollowingmanner . That is, after 
the first layer 4 and the second layer 5 are formed in the same 
manner as of the first embodiment, an Fe-Co50 film is formed by 
spattering as in the same manner described above. Then, a CoZrNb 
amorphous film is further formed thereon, and then is patterned 
to be divided into a plurality by photolithography. 
[0049] 
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In this case, an exemplary configuration as follows. That 
is, as shown in Pig. 7 , a direct current power supply 13 is connected 
to the individual st rips 7 a to If of the fourth layer which individually 
serve also as an electrode. In addition, a minute current meter 
15 is also connected to the individual strips 7a to 7f of the fourth 
layer via a switching circuit 14. By the switching operation of 
the switching circuit 13, the changes in magnetism at individual 
strips 7a to 7f of the fourth layer are sensed as MR rates of individual 
TMR elements at each of sensing points 12a to 12f with reliability 
and high sensitivity- 
[0050] 

Therefore, according to the magnetic sensing element 11 
of this embodiment, since the sensing points 12a to 12f are arranged 
into the form of array as plural points, the same effect as of the 
first embodiment can be obtained. In addition, the magnetic sensing 
element 11 can be used in wider applications and thus becomes more 
practicable. 
[0051] 

A third embodiment of the present invention will be described 
based on Fig. 8. A magnetic sensing element 21 of this embodiment 
is structured so that a high magnetic transparency layer 22 is located 
in a magnetic sensing portion 8, and in this embodiment, in the 
vicinity of the TMR element 2 by sputtering, CVD r plating, or sol-gel 
method. Such a high magnetic transparency layer 22 preferably has 
a magnetic permeability of 100 or higher, and specifically, is made 
of CoZrNb film, NiCoFe film, FeNi f 11m, or the like. Alternatively, 
as the manufacturing method, photolithography, masJc deposition, 
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and lamination may be employed if necessary. Thus-formed high 
magnetic permeability layer 22 is completed into the form where 
it is electrically connected to a soft magnetic film for assisting 
magnetic field sensing, 
[0052] 

According to the magnetic sensing element 21 of this 
embodiment, since the high magnetic permeability layer 22 serves 
as a magnetic flux sink, higher sensitivity can be achieved. 
[0053] 

A fourth embodiment of the present invention will be 
described based on Fig. 9. A magnetic sensing element 31 of this 
embodiment has a structure in which an Mn-Zn f errite block is diced 
on a high-magnetic permeability layer 22 located in the vicinity 
of a magnetic sensing portion 8 to be a bulk type magnetic body 
32. The bulk type magnetic body 32 is not necessarily limited to 
the diced Mn-Zn f errite block. 
[0054] 

In general, it is known that a bulk type magnetic body is 
capable of achieving magnetic permeability and magnetic resistance 
rate extremely lower than those achieved by a thin magnetic film, 
and in addition, is capable of handling a large amount of magnetic 
flux and thus is hard to saturate. Therefore, according to the 
magnetic sensing element 31 of this embodiment, the presence of 
the bulk type magnetic body 32 on the high magnetic permeability 
layer 22 achieves higher sensitivity, 
[0055] 
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The bulk type magnetic body 32 is not necessarily required 
to be formed on the high magnetic permeability layer 22 , but it 
is sufficient as far as the bulk type magnetic body 32 is formed 
in the vicinity of the magnetic sensing portion 8. 
[0056] 

A fifth embodiment of the present invention will be described 
based on irig. 10. A magnetic sensing element 41 of this embodiment 
is structured so that a fourth layer 42 as a soft magnetic film 
for assisting magnetic field sensing is formed into a laminated 
structure in which plural soft magnetic layers (for example, Co-Zr-Nb 
film, Fe-Ni film, or the like) are laminated via a non-magnetic 
layer (not shown) made of Ti, Ta, Si0 2 , or the like. 
[0057] 

According to the magnetic sensing element 41 of this 
embodiment, since the fourth layer (a soft magnetic film for assisting 
magnetic field sensing) 42 is structured into a laminated structure 

made of plural soft magnetic layers via a non-magnetic layer, a 

♦ 

formation of closure domain can be prevented. As a result, noise 
reduction and high frequency (that is, high speed sampling) can 
be achieved, thereby further enhancing the performance of element, 
[0058] 

A sixth embodiment of the present invention will be described 
based on Pig. 11. A magnetic sensing element 51 of this embodiment 
is structured so that a fourth layer 52 as a soft magnetic film 
for assisting magnetic field sensing made of Co-Zr-Nb film, Fe-Ni 
film, or the like, for example, is formed to have a flat plane of 
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an elliptically round shape. The shape is not limited to the 
elliptically round shape, but may be a complete round shape. 
[0059] 

According to the magnetic sensing element 51 of this 
embodiment, since the fourth layer (soft magnetic film for assisting 
magnetic field sensing) 52 is formed into a disc shape, amagnetostatic 
energy can be further reduced- Thus, the generation of magnetic 
Charge is reduced and the magnetic domain is stabilized, thereby 
reducing noises . As a result, the sensitivity of the element can 
be enhanced. 
[0060] 

A seventh embodiment of the present invention will be 
described based on Fig. 12. A magnetic sensing element 61 of this 
embodiment is structured so that a fourth layer 62 as a soft magnetic 
film for assisting magnetic field sensing is divided into plural 
portions 62a, 62b, ... 62n in its longitudinal direction. More 
specifically, for example, a fourth layer (a soft magnetic film 
for assisting magnetic field sensing) 62 made of Fe-Ni film is 
constituted by portions 62a, 62b,.,»62n each having a size of about 
0.5\m x 0.5nm. If the portions 62a, 62b, ... 62n are individually 
in this size, the generation of closure domain can be suppressed 
and the portions 62a r 62b, „.62n are structured to have a substantially 
single magnetic domain. As a result, noise reduction can be 
achieved. Simultaneously, it becomes easy to adjust their 
anisotropics into the same alignment , thereby enhancing the 
sensitivity of the element. 
[0061] 
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The structure of the sensing element is not limited to a 
completely divided structure such as shown in Fig. 12. 
Alternatively, as is a magnetic sensing element 71 shown in Fig. 
13, by forming plural notches 71, 71b, ... 71n in its longitudinal 
direction to form a divided structure, the generation of closure 
domain can be suppressed and noises can be reduced* 
[0062] 

An eighth embodiment of the present invention will be 
described based on Fig. 14. A magnetic sensing element 81 of this 
embodiment includes, for example, in addition to the magnetic sensing 
element 21 having a structure shown in Fig. 6, a wiring portion 
for reset current 82 as magnetic field generating means for returning 
the magnetized state of each magnetic layer (a first layer 4, a 
third layer 6, a fourth layer 7, etc.) of the magnetic sensing portion 
8 to a specified state, and here, an initial state, in the vicinity 
of a magnetic sensing portion 8 and a high magnetic permeability 
layer 22 so as to extend along their total length or longer. 
[0063] 

According to thus -structured magnetic sensing element 81, 
for example, when the magnetic sensing element 81 is utilized for 
a direction sensing system described later and has sensed the 
occurrence of abnormality in its measured value, it allows a reset 
current to flow through the wiring portion for reset current 82 
so as to return the magnetize state of each magnetic layer {the 
first layer 4, third layer 6, the fourth layer 7, etc. ) of the magnetic 
sensing portion 8 to an initial state. This operation enables the 
magnetic sensing portion 8 to normally perform a sensing operation 
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thereafter. Specifically, the changes in the operating point 
resulted from the polarized TMR portion 2 due to an influence of 
temporary ferromagnetic field can be cancelled , and after the 
cancellation, the magnetic sensing portion 8 can be operated 
normally. This feature is useful not also for use in a direction 
sensing system for sensing earth's magnetism described later, but 
also for use .in an application as a normal magnetic sensor, 
[0064] 

The magnetic field generating means for resetting is not 
limited to the wiring portion for reset current 82 integrally provided 
on the element. Alternatively, for example, as shown in Fig, 15, 
an external coil 83 through which said element 81 is passed through 
to generate a magnetic field for resetting may be utilized. 
[0065] 

A ninth embodiment of the present invention will be described 
based on Tig. 16. This embodiment shows an exemplary application 
of the earth's magnetism sensing structured by utilizing the 
individual magnetic sensing elements of the individual embodiments 
described above to a direction sensing system- First of all f there 
is provided an earth's magnetic sensor 92 including three magnetic 
sensing elements 91a, 91b f and 91c (any form of magnetic sensing 
elements 1, 11, 21, 31, 41, 51, 61, 71 7 and 81 described above may 
be used) arranged independently in the directions of three axes 
vectors xyz. The detecting outputs of these magnetic sensing 
elements 91a, 91b, and 91c are input into three magnetic components 
sensing portion 94 as sensing means via a data acquisition portion 
93, The three magnetic components sensing portion 94 senses three 
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axes vector components based on the sensing outputs of the magnetic 
sensing elements 91a, 91b, and 91c as to the earth's magnetic sensing ♦ 
On the other hand, abnormality sensing means 97 constituted by an 
absolute value calculating portion 95 for calculating the absolute 
values of the sensing outputs of the magnetic sensing elements 91a f 
91b, and 91c captured via the data acquisition portion 93, and a 
comparing portion 96 for comparing the magnitude of the absolute 
value calculated by the absolute value calculating portion 95 with 
a threshold value obtained by adding a measurement margin to an 
earth's magnetic intensity for comparison. The comparing portion 
96 determines that the sensing result has abnormality when the 
magnitude of the calculated absolute value exceeds the threshold 
value. 1o the output side of the comparing portion 96, an announcing 
portion 98 as announcing means which operates based on the abnormality 
sensing output is provided. 
[0066] 

In this arrangement, according to the direction sensing 
system of this embodiment, when a sensing result in a magnitude 
exceeding a threshold value which is set beforehand by adding a 
measurement margin to the measured earth 1 magnetic intensity is 
obtained, the occurrence of the abnormality in the measured value 
is announced through the announcing portion 98. Therefore, the use 
of erroneous sensing result can be prevented before it is actually 
used. In more practical use, a system configuration may be such 
that the output of this announcing portion 9B is also announced 
to the user of the system by communication together with the sensing 
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result Obtained from the thxee magnetic components sensing portion 

94 via a communication portion 99. 

[0067] 

itirther, in configuring this system, by utilizing the 
magnetic sensing element 81 shown in Figs, 14 and 15 as the three 
magnetic sensing elements 91a, 91b, and 91c, when abnormality is 
sensed in the sensing result by the comparing portion 96, a reset 
current is allowed to flow by resetting means (not shown) by utilizing 
the wiring portion for reset current 82 or the external coil 83 
so that the magnetized state of the magnetic sensing portion 8 is 
reset to an initial state . In this manner , when the res et is completed 
and thereafter, a normal earth's magnetic sensing operation is 
enabled. 
[0068] 

Although the direction sensing system of this embodiment 
uses three magnetic sensing elements 91a, 91b, and 91c, it is also 
possible that three or more of magnetic sensing elements are 
independently arranged in the directions of three or more axes 
vectors, so that the earth T s magnetism is sensed in the directions 
vectors of three or more axes. 
[0069] 
[Effect] 

According to the magnetic sensing element of the invention 
recited in claim 1, a tunnel magnetic resistance effect element 
(TMR element) which is originally manufactured using a thin film 
technique etc. or a giant magnetic resistance effect element (GMR 
element) is used, downsizing and weight reduction of the magnetic 
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sensing element can be achieved. In addition, "since said element 
includes on its one surface a soft magnetic film for aesistingmagnetic 
field sensing having the anti-magnetic force lower than the 
anti-magnetic force of the magnetic layer and having the anisotropic 
axis set independently from the anisotropic axis of the magnetic 
layer, the magnetic force can be sensed in the separated functions 
by utilizing a difference in anti-magnetic forces, the magnetic 
field sensitivity as the sensor can be enhanced. 
[0070] 

According to the invention recited in claim 2, in realizing 
the invention recited in claim 1 , the element can be eas ily const ructed 
into an arrayed structure, and its use application can be widened. 
[0071] 

According to the invention recited in claim 3 , in the magnetic 
sensing element recited in claim 1 or 2, since a high magnetic 
permeability layer connected to the soft magnetic film for assisting 
magnetic field sensing is disposed in the vicinity of said magnetic 
sensing portion, the high magnetic permeability layer serves as 
a magnetic flux sink, and as a result, higher sensitivity can be 
achieved. „ 
[0072] 

According to the invention recited in claim 4 , in the magnetic 
sensing element recited in claim 1, 2, or 3, there is provided, 
in the vicinity of themagnetic sensingportion, thebulktypemagnetic 
body capable of achieving magnetic permeability and magnetic 
resistance rate.extremely lower than those achievedby a thin magnetic 
film, and capable of handling a large amount of magnetic flux and 
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thus hard to saturate. Therefore, further higher sensitivity can 

be achieved. 

[0073] 

According to the invention recited in claim5, in the magnetic 
sensing element recited in claim 3, the bulk type magnetic body 
is provided on the high magnetic permeability layer in the vicinity 
of the magnetic sensing portion. In this manner , further higher 
sensitivity can be achieved. 
[0074] 

According to the invention recited in claim 6, in realizing 
the invention of any one of claims 1 to 5, a soft magnetic film 
for assisting magnetic field sensing is formed as a laminated 
structure of plural soft magnetic layers on a non-magnetic layer. 
Thus, a formation of closure domain can be prevented, and noise 
reduction and high frequency (that is, high speed sampling) can 
be achieved, thereby further enhancing the performance of element, 
[0075] 

According to the invention recited in claim 7, in realizing 
the invention recited in any one of claims 1 to 6, since the flat 
plane of the soft magnetic film for assisting magnetic field sensing 
is formed into a disc shape, magnetostatic energy can be further 
reduced. Thus, the generation of magnetic charge is reduced and 
the stabilization of the magnetic domain can be expected, thereby 
reducing noises or enhancing sensitivity. As a result, the 
performance of the element can be enhanced further. 
(0076] 
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According to the invention recited in claim 8/ in realizing 
the invention recited in any one of claims 1 to 6, the soft magnetic 
film for assisting magnetic field sensing is formed of plural divided 
portions, Thus, if the individual portions are made into small 
sizes, the generation of closure domain can be suppressed and noise 
reduction can be achieved. In addition, further enhanced 
sensitivity can be achieved by arranging the anisotropies into the 
same alignment. 
[0077] 

According to the invention recited in claim 9, in realizing 
the invention recited in any one of claims 1 to 6, the soft magnetic 
film for assisting magnetic field sensing is formed into divided 
shape by plural notches. Thus, if the individual portions are made 
into small sizes, the generation of closure domain can be suppressed / 
and noise reduction can be achieved. Further, further enhanced 
sensitivity can be achieved by adjusting the anisotropies into the 
same alignment. 
[0078J 

According to the invention recited in claim 10 , in the 
magnetic sensing element recited in any one of claims 1 to 9, for 
example, even in the case where the magnetic sensing portion is 
magnetized due to, for example, a temporary influence of 
ferromagnetic field and the operation point changes to cause an 
erroneous sensing, the magnetized state of the magnetic sensing 
portion can be returned to a predetermined state by utilizing magnetic 
field generating means for resetting . Thereafter, a normal sensing 
operation of the magnetic sensing element is enabled. 
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[0079] 

According to the invention recited in claim 11, by utilizing 
a wiring portion for reset current integrally formed in the vicinity 
of the magnetic sensing portion, the invention recited in claim 
10 can be easily realized. 
[0080] 

According to the invention recited in claim 12, by utilizing 
an external coil for allowing themagnet ic sensing portion to generate 
reset magnetic field, the invention recited in claim 10 can be easily 
realized, 
[0081] 

According to the direction sensing system of the invention 
recited in claim 13, when the invention is applied to a direction 
sensing system intended for sensing earth's magnetism, basically, 
three axes vectors or more which are sensed based on the sensing 
outputs of the magnetic sensing elements independently arranged 
in the directions vectors of three or more axes and having high 
sensitivity according to any one of claims 1 to 12 are utilized. 
At this time, the absolute value of the sensing output of the magnetic 
sensing element is compared with a threshold value obtained by adding 
a measurement margin to the measured earth's magnetism intensity 
so as to determine whether or not the sensing result has abnormality. 
If abnormality is sensed, the occurrence of the abnormality is 
announced, so that the use of erroneous sensing result canbe prevented 
before it is actually used. 
(0082] 
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According to the direction sensing system of the invention 
recited in claim 14, the invention recited in claim 14 is basically 
the same as the invention recited in claim 13/ except in the point 
that especially if abnormality in the sensing result is sensed, 
a reset current is allowed to flow through magnetic field generating 
means for resetting to return the magnetized state of the magnetic 
sensing portion to a predetermined state so as to reset the magnetic 
sensing portion. In this manner, an erroneous sensing operation 
can be avoided thereafter. 

[Brief Description of the Drawings] 

[Fig. 1] A longitudinal cross-sectional frontal view of 
a substrate formed with a first layer showing a first embodiment 
Of the present invention. 

[Fig. 2] A diagram showing a pattern of the first layer, 
where (a) is a plan view and (b) is a longitudinal cross sectional 
frontal view, 

[Fig. 3] A diagram showing a pattern of a second layer formed 
on the first layer, where (a) is a plan view and (b) is a longitudinal 
cross-sectional frontal view, 

[Fig. 4] A diagram showing a pattern of a third layer formed 
on the second layer, where (a) is apian view and (b) is a longitudinal 
cross-sectional frontal view. 

[ Fig ♦ 5] A diagram showing a pattern of a fourth layer formed 
on the third layer, where (a) is a plan view and (b) is a longitudinal 
cross-sectional frontal view. 
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I Fig. 6] A diagram showing a magnetic sensing element of 
a second embodiment of the present invention, where (a) is a plan 
view and (b) is a longitudinal cross-sectional frontal view. 

[Fig. 7] A plan view showing a measuring circuit. 

[Fig* 8] A diagram showing a magnetic sensing element of 
a third embodiment of the present invention, where (a) is a plan 
view and (b) is a longitudinal cross-sect ional frontal view. 

[Fig. 9] A magnetic sensing element of a fourth embodiment 
of the present invention, where (a) is a plan view and (b) is a 
longitudinal cross-sectional frontal view. 

[Fig. 10] A magnetic sensing element of a fifth embodiment 
Of the present invention, where (a) is a plan view and (b) is a 
longitudinal cross-sectional frontal view. 

[Fig. 11] A plan view showing a magnetic sensing element 
of a sixth embodiment of the present invention. 

[Fig. 12] A plan view showing a magnetic sensing element 
of a seventh embodiment of the present invention. 

[Fig. 13] A plan view showing a magnetic sensing element 
of an exemplified variation thereof. 

[Fig. 14] A plan view showing a magnetic sensing element 
of an eighth embodiment of the present invention. 

[Fig. 15] A plan view showing a magnetic sensing element 
of an exemplified variation thereof. 

[Fig. 16] A schematic system configuration diagram showing 
a direction sensing system of a ninth embodiment of the present 
invention. 
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[Description of Reference Numerals] 
1 : Magnetic sensing element 

2: Tunnel magnetic effect resistance element 
3: Magnetic layer 

7: Soft magnetic film for assisting magnetic field sensing 

8: Magnetic Bensing portion 

11: Magnetic sensing element 

21: Magnetic sensing element 

22:. High magnetic permeability layer 

31: Magnetic sensing element 

32: Bulk type magnetic body 

41: Magnetic sensing element 

42: Soft magnetic film for assisting magnetic field sensing 
51: Magnetic sensing element 

52: Soft magnetic film for assisting magnetic field sensing 
61: Magnetic sensing element 

62: Soft magnetic film for assisting magnetic field sensing 
62a , 62b , ,„ 62n: Portions 
71; Magnetic sensing element 

72: Soft magnetic film for assisting magnetic field sensing 

72a f 12\>, ... 72n: Notches 

81: Magnetic sensing element 

91: Magnetic sensing element 

94: Sensing means 

97: Abnormality sensing means 

98 : Announcing means 
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[Kind of document] ABSTRACT 

[Summary] 

[Object] 

To provide a magnetic sensing element small in size and 
light in weight with high sensitivity. 
[Construction] 

Amagnetic sensing element 1 is configured using a TMR element 
2 which i;3 originally manufactured using a thin film technique etc. 
so as to achieve the downsizing and weight reduction. In addition, 
a soft macmetic film for assisting magnetic field sensing 7 is formed 
on one surface of said element 1 . The soft magnetic film 7 has an 
anti-magnetic force lower than the anti-magnetic force of the 
magnetic layer 4, and has an anisotropic axis set independently 
from the anisotropic axis of the magnetic layer 4 . By utilizing 
a difference in anti-magnetic forces, the magnetic force can be 
sensed in separated functions, so that the magnetic field sensitivity 
as a sensor is enhanced. 
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